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Abstract 
Native to the Americas, the fall armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera:Noctuidae), is 
a recent invasive pest of Africa and Asia. This insect causes economic damage to maize (Zea mays L.) 
primarily through leaf and ear tissue feeding. The pest is resistant to several classes of insecticide and 
several Bt-maize toxins. Native resistance in maize to fall armyworm could be used with existing control 
tactics to enhance control of this insect. The objective for this study was to evaluate maize germplasm, 
developed from Thailand and maintained by the U.S. National Plant Germplasm System, for resistance to 
leaf feeding fall armyworm. Plants were grown in the field and artificially infested at the seven-leaf stage 
with fall armyworms. Visual rating scores for leaf feeding damage were recorded at 7 and 14 days post 
infestation. Scores for maize germplasm Ames 26254 were not different than the resistant check, GT-
FAWCC(C5), and germplasm PI 506347 and PI 690324 were not significantly different from Ames 26254. 
In total, five Thailand maize germplasms received 14-day damage scores of ≤ 6.0 across both years of 
testing and were considered moderately resistant to fall armyworm leaf feeding. These maize 
germplasms are tropical and require breeding to adapt progeny for research in temperate areas. 
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Abstract: Native to the Americas, the fall armyworm, Spodoptera frugiperda (J.E. Smith) 
(Lepidoptera:Noctuidae), is a recent invasive pest of Africa and Asia.  This insect causes economic damage 
to maize (Zea mays L.) primarily through leaf and ear tissue feeding.  The pest is resistant to several classes 
of insecticide and several Bt-maize toxins.  Native resistance in maize to fall armyworm could be used 
with existing control tactics to enhance control of this insect.  The objective for this study was to evaluate 
maize germplasm, developed from Thailand and maintained by the U.S. National Plant Germplasm System, 
for resistance to leaf feeding fall armyworm.  Plants were grown in the field and artificially infested at the 
seven-leaf stage with fall armyworms.  Visual rating scores for leaf feeding damage were recorded at 7 and 
14 days post infestation.  Scores for maize germplasm Ames 26254 were not different than the resistant 
check, GT-FAWCC(C5), and germplasm PI 506347 and PI 690324 were not significantly different from 
Ames 26254.  In total, five Thailand maize germplasms received 14-day damage scores of ≤ 6.0 across 
both years of testing and were considered moderately resistant to fall armyworm leaf feeding.  These 
maize germplasms are tropical and require breeding to adapt progeny for research in temperate areas.   
KEYWORDS: Fall armyworm, corn, host plant resistance
Native to the Americas, the fall armyworm, Spodoptera frugiperda (J.E. Smith, described by 
Smith and Abbott, 1797) (Lepidoptera:Noctuidae), was accidentally introduced into Africa in 
2016 (Goergen et al., 2016).  By 2018, the insect had rapidly spread to over 44 countries in Africa 
and was first detected in Asia, i.e. Yemen and India (Ganiger et al., 2018; Sharanabasappa et al., 
2018).  The insect has continued its rapid spread in Asia and was confirmed in Thailand along the 
Myanmar border in late 2018 (FAO, 2018).  The larvae damage maize (Zea mays L.) leaf and ear 
tissue (Sparks, 1979; Marenco et al., 1992) and insecticide applications must occur before the lar-
vae move to protected areas to feed on the plant for adequate control.  Even when timed appropri-
ately, control may still be difficult as the pest is resistant to several classes of insecticides (Yu et al., 
2003).  Bt-maize that produces delta-endotoxins from Bacillus thuringiensis Berliner has provided 
some control for fall armyworm.  However, the insect is resistant to Bt toxins Cry1Ab (Omoto et 
al., 2016) and Cry1F in Brazil (Farias et al., 2014), and Cry1F in Puerto Rico (Storer et al., 2010), 
and the southeastern United States (Huang et al., 2014).  Native sources of plant resistance to fall 
armyworm could provide breeders with germplasm to develop stable levels of resistance to this 
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pest.  Maize with native sources of resistance to fall armyworm are publically available for research 
and use.  Several inbred lines were developed in Mississippi that use maize germplasm from An-
tigua (CIMMYT, El Batan, Mexico) as the resistant donor (Williams and Davis, 1997; Mohan et 
al., 2006; Womack et al., 2018).  Mp708 (Williams et al., 1990) is an inbred line that is publically 
available for maize improvement and is also used as a standard check for studies investigating 
plant resistance to fall armyworm.  Inbred lines FAW7061 and FAW7111 were developed by Ni et 
al. (2000) from GT-FAWCC(C5) (Wiseman et al., 1996) and were as resistant as Mp708.  Abel et 
al. (2018) identified four maize germplasms from the island of St. Croix (U.S. Virgin Islands) that 
were moderately resistant to the pest.  Because fall armyworms have demonstrated the ability to 
adapt to different control tactics, additional sources of maize resistance to this pest are needed.   
The USDA-ARS Germplasm Enhancement of Maize Project (GEM) is a cooperative effort 
to facilitate the introduction of exotic maize germplasm into temperate breeding programs.  A 
project funded by the USDA-NIFA Organic Research and Extension Initiative (OREI) used GEM 
germplasm to develop breeding lines with agronomic traits useful for organic maize producers. 
In 2015 and 2016, multiple breeding lines were grown in an organic-certified nursery at Lajas, 
Puerto Rico, and several lines were less damaged from feeding by fall armyworm under heavy 
natural infestations.  One of these experimental lines was derived from a parent developed in 
Thailand, NEI 9008 (Ames 29045).  The objective for this study was to test this parental line, and 
other maize germplasm developed in Thailand that is available from the U.S. National Plant Ger-
mplasm System (NPGS), for resistance to leaf feeding by fall armyworms.
MATERIALS AND METHODS
The terms “maize” and “Thailand” were used on 9 January 2018 and again in 8 January 2019 to 
search the USDA-ARS GRIN-Global database, and 21 germplasm accessions (Table 1, entry rows 
1-21) had available seed.  In 2018, Ames 34057 and Ames 34060 did not have available seed, nor 
did Ames 27125 or Ames 27126 in 2019.  Inbred line B97 was selected as a susceptible check (Abel 
et al. 2000) and GEMN-0131 was added as a susceptible check in 2019 based on unpublished re-
sults.  Mp708 and FAWCC(C5) were selected as resistant checks (Williams et al., 1990; Widstrom 
et al., 1993, respectively).  All of the Thai maize entries are highly inbred with the exception of the 
landrace populations Ames 23669, Ames 23670, Ames 26254, PI 377746, PI 377747, PI 439739, 
PI 439741, PI 506347, and PI 506348.  On 10 May 2018, and 16 May 2019, maize entries were 
planted in single-row plots (4.6 x 1 m, 24 seeds/row) at the Agricultural Engineering/Agronomy 
and Central Iowa Research Farms (1308 U Ave., Boone, IA) on Nicollet clay loam soil, receiving 
pre-plant fertilizer based on soil tests and a maize yield goal of 12.5 tons per hectare of grain.  In 
2019, cool wet weather resulted in poor stands, so all entries were replanted 11 June.  The experi-
mental design was a randomized complete block with genotypes as treatments and three and four 
replications blocked to control field variation in 2018 and 2019, respectively. 
Eggs of fall armyworms were acquired from the Corn Host Plant Resistance Research Unit, 
USDA-ARS, Mississippi State, MS.  The colony is maintained on a wheat germ-based diet, and 
wild adults are added to the colony annually to maintain colony vigor.  The fall armyworm eggs 
were kept in a laboratory at 25 ± 0.4 ºC, 75 ± 10% relative humidity, and a photoperiod of 14:10 
light:dark hours until eclosion.  After eclosion, the neonate larvae were added to sterilized corn-
cob grits and an inoculator (Mihm, 1983) was calibrated to deliver 15 (± 5) neonate larvae per 
“shot”(Davis et al., 1996).  For the 2018 study, one calibrated shot was added to each V6-V7 stage 
(Benson and Reetz, 1985) maize whorl on 16 June and two shots were added 17 June for a total of 
approximately 45 neonates per plant.  For the 2019 study, one calibrated shot was added to each 
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                 2018 2019
Genotype FAW 7 days FAW 14 days FAW 7 days FAW 14 days
Ames 23669 6.3 ± 0.5bcd 7.3 ± 0.5bc 5.3 ± 0.5cde 6.6 ± 0.2ef
Ames 23670 5.3 ± 0.5defg 6.3 ± 0.5def 5.0 ± 0.5def 5.8 ± 0.2ijk
Ames 26253 6.7 ± 0.5abc 7.0 ± 0.5bcd 6.0 ± 0.5bcd 6.9 ± 0.2d
Ames 26254 4.3 ± 0.5g 5.0 ± 0.5h 4.0 ± 0.5fgh 4.6 ± 0.2no
Ames 27125 5.3 ± 0.5defg 6.0 ± 0.5efg N/A N/A
Ames 27126 6.7 ± 0.5abc 7.3 ± 0.5bc N/A N/A
Ames 27128 7.0 ± 0.5ab 7.7 ± 0.5ab 6.5 ± 0.5b 7.5 ± 0.2bc
Ames 27129 7.7 ± 0.5a 8.3 ± 0.5a 6.8 ± 0.5b 7.9 ± 0.2a
Ames 27259 5.7 ± 0.5cdef 6.3 ± 0.5def 4.8 ± 0.5efg 5.7 ± 0.2jk
Ames 27260 7.0 ± 0.5ab 7.7 ± 0.5ab 6.5 ± 0.5b 7.4 ± 0.2bc
Ames 29045 7.0 ± 0.5ab 7.3 ± 0.5bc 6.0 ± 0.5bcd 7.0 ± 0.2d
Ames 34057 N/A N/A 6.5 ± 0.5b 7.5 ± 0.2abc
Ames 34060 N/A N/A 6.3 ± 0.5bc 7.1 ± 0.2cd
PI 377746 6.3 ± 0.5bcd 6.7 ± 0.5cde 5.3 ± 0.5cde 6.4 ± 0.2fg
PI 377747 6.3 ± 0.5bcd 6.7 ± 0.5cde 6.4 ± 0.5gf 5.3 ± 0.2cde
PI 439739 5.3 ± 0.5defg 5.7 ± 0.5fgh 5.0 ± 0.5def 5.1 ± 0.2lm
PI 439741 5.7 ± 0.5cdef 6.0 ± 0.5efg 4.8 ± 0.5efg 5.4 ± 0.2kl
PI 506347 5.0 ± 0.5efg 5.7 ± 0.5fgh 4.3 ± 0.5efg 5.0 ± 0.2lmn
PI 506348 6.0 ± 0.5bcde 6.3 ± 0.5efd 5.0 ± 0.5def 6.1 ± 0.2ghi
PI 690324 5.0 ± 0.5efg 5.3 ± 0.5gh 4.8 ± 0.5efg 4.9 ± 0.2mn
PI 690325 5.3 ± 0.5defg 6.7 ± 0.cde 4.5 ± 0.5efg 5.9 ± 0.2hij
GEMN-0131a N/A N/A 7.8 ± 0.5a 7.8 ± 0.2ab
B97a 5.7 ± 0.5cdef 6.3 ± 0.5def 4.8 ± 0.5efg 5.8 ± 0.2ijk
GT-FAWCC(C5)b 4.7 ± 0.5fg 5.0 ± 0.5h 3.8 ± 0.3hg 4.4 ± 0.2o
Mp708b 3.0 ± 0.5h 3.0 ± 0.5i 3.2 ± 0.5h 3.9 ± 0.2p
Table 1: Fall Armyworm Leaf-Feeding Damage Scores at 7 and 14 Days Post Infestation for 21 Thai Maize 
Genotypes and Four Checks Tested at Ames, IA, 2018 and 2019.




Scale: 0 = no damage / 9 = extensive damage
V5-V7 stage (Benson and Reetz, 1985) maize whorl on 9 July and another shot on 10 July for a 
total of 30 neonates per plant.  At 7- and 14-days post infestation, a scale based on an association 
between larval development and whorl leaf lesion type and number was used to visually rate the 
plants for leaf-feeding damage by fall armyworms (Davis et al., 1992).  Briefly, 0 = no damage; 
1 = only pinhole lesions; 2 = pinhole and small circular lesions; 3 = small circular lesions and a 
few lesions up to 1.3 cm in length; 4 = several small to elongated lesions 1.3 – 2.5 cm; 5 = large 
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elongated lesions > 2.5 cm on a few leaves; 6 = large elongated lesions > 2.5 cm on several leaves 
and a few irregular shaped holes; 7 = many large elongated lesions > 2.5 cm on several leaves 
and several irregular shaped holes; 8 = many large elongated lesions > 2.5 cm on most leaves and 
many irregular shaped holes; 9 = all leaves almost completely destroyed.  At 7- and 14-days post 
infestation in 2018, each row was given an overall score.  At 14-days post infestation in 2019, the 
first 10 plants in each row were rated individually and the scores were averaged per row and used 
in the analysis.  Data were analyzed by PROC GLIMMIX, and means were separated using LSD at 
P < 0.05 (SAS Institute, 2011).
RESULTS AND DISCUSSION
In 2018, scores of leaf-feeding damage by fall armyworm at 7- and 14-days post infesta-
tion differed significantly for the 22 maize genotypes (F = 7.99, df = 2,21, P < 0.0001; F = 11.82, 
df = 2,21, P < 0.0001, respectively) and also in 2019 at 7- and 14-days post infestation (F = 8.76, 
df = 3,22, P < 0.0001; F = 61.80, df = 3,22, P < 0.0001, respectively).  All scores for Mp708 were 
significantly lower than the other genotypes (Table 1).  For 14-day scores in 2018 and 2019, en-
try Ames 26254 was not significantly different from the resistant check GT-FAWCC(C5) and PI 
506347 and PI 690324 were not significantly different than Ames 26254.  Susceptibility to fall 
armyworm feeding was consistently high across both years for Ames 27129.  Maize genotypes are 
considered moderately resistant to fall armyworm leaf feeding if 14-day damage scores are ≤ 6.0. 
Thailand genotypes that were rated as moderately resistant across both years were Ames 26254, PI 
439739, PI 439741, PI 506347, and PI 690324.  In addition to these genotypes, five other Thailand 
genotypes received moderately resistant scores at 14 days for one year and could be investigated 
further to determine if useful levels of fall armyworm leaf feeding resistance are present.   
The genotype Ames 29045 (i.e. NEI 9008), of initial interest for this study was scored as sus-
ceptible to fall armyworm (Table 1).  The USDA-NIFA OREI breeding line that was observed to 
be resistant to natural infestations of fall armyworm in Lajas, Puerto Rico in 2015 and 2016 used 
NEI 9008 and GEMN-0155 as parental lines. Parentage of GEMN-0155 originates from Argentina 
which is within the fall armyworm’s native host range.  GEMN-0155 should be investigated as a 
potential source of resistance to fall armyworm leaf feeding.     
Five Thai maize genotypes scored moderately resistant (≤ 6.0) at 14-days post infestation to 
fall armyworm in both years.  This is a comparatively high rate of determining fall armyworm 
resistant maize genotypes from a screening study.  Evaluating additional Thai maize genotypes 
for resistance to fall armyworm leaf feeding may be advantageous.  Even though the fall army-
worm is new to Thailand, it’s possible that maize in development in Thailand was selected for 
resistance to native pests that may have similar feeding habits to the fall armyworm.  The U.S. 
NPGS only had 21 Thai maize genotypes available for testing at the time of this study.  Undoubt-
edly, there are many more genotypes of Thai maize in seed collections throughout the world.  It 
may be useful to acquire additional Thai maize genotypes from other seed banks to screen for 
resistance to fall armyworm and other Noctuid pests.  A good start for this effort would be to 
utilize the International Maize and Wheat Improvement Center (CIMMYT) that began coop-
erating with the Thailand National Maize Program since the mid-1960’s (Timothy et al., 1988). 
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